The relationship between diabetes and periodontitis is established and described as a bidirectional influence, whereas that with dental caries is still controversial. The objective of this study was to analyze the relationship between blood glucose control and oral diseases in a population of diabetics followed at the "Centre Anti Diabétique d'Abidjan" (CADA). The dental condition of the diabetics included in this cross-sectional study was assessed by the DMF index, periodontal condition by the CPITN and oral hygiene by the OHIS index. Diabetes data were extracted from CADA patient medical records. Blood glucose control has been defined by an average of the blood glucose values of the last 3 months less than or equal to 1.26 g/l. Regression models were constructed to estimate the risk of diabetes imbalance adjusted for all characteristics collected. The sample of 356 diabetics consisted of 53.7% women with an average age of 55.6 years (range: 12 -85 years). The average DMF index was 7.9 (Std: 6.6) with an estimated prevalence of caries of 77.0%, that of periodontitis of 53.1%. The proportion of subjects with good glycemic control was estimated at 41.3%. The characteristics associated with glycemic control were: dry mouth (p = 0.005), type of diabetes treatment (p < 0.00014) and duration of diabetes (p = 0.039) and periodontal status assessed with the CPITN (p = 0.014). The results of this study confirmed the link between periodontitis and glycemic control of diabetes described in the literature but didn't find significant association between dental caries and How to cite this paper:
Introduction
Diabetes refers to a set of metabolic disorders, both genetically and clinically heterogeneous, characterized by hyperglycemia due to a failure in insulin secretion, its activity or both [1] . Considered as a disease of rich countries for long time, diabetes, especially type 2 diabetes, has become a major public health problem in developing countries, where the increase in the number of cases is higher than the increase in developed countries. Indeed, estimates predict that between 1995 and 2025, the prevalence of adult diabetes will increase by 35% worldwide, 27%
in developed countries and 82% in developing countries [2] . In sub-Saharan Africa, the incidence of diabetes is estimated at between 1% and 6% of the population and between 6% and 10% specifically in South Africa [3] . According to WHO, the number of people affected in Côte d'Ivoire was 264,000 in 2000 and this number will rise to 636,000 by 2030 [4] . In developing countries, industrialization and socio-economic development are certainly the main determinants of the diabetes "epidemic". This is particularly noticeable among urban populations that are becoming westernized and tend to gain weight due to a lack of physical exercise and a change in diet [5] [6] [7] [8] [9] . The main danger of diabetes is that near-permanent hyperglycemia exposes people with vascular complications, with sometimes disabling medical consequences. The complications usually described are: kidney disease, retinopathy, neuropathy, microangiopathy and cardiovascular disease [1] [10] [11] . Oral diseases are among the least cited and monitored diseases in diabetic patients, despite there is growing scientific evidence linking diabetes to these oral diseases [12] [13] [14] [15] . The main oral diseases described in diabetics are: periodontal diseases, dental caries, xérostomia, tooth loss, dental abscesses and oral mucosal lesions [16] [17] [18] . As with most diabetes complications, the prevalence and characteristics of these oral conditions depend on the type of diabetes and the quality of blood glucose control. Several studies describe the oral manifestations of diabetes but very few concern African countries, hence the interest of this survey initiated by the Department of Public Health of the UFR of Odontostomatology of Abidjan, in collaboration with the "Centre Anti-Diabétique d'Abidjan" (CADA), is to study the relationship between oral health and diabetes in the West African context. The objective of this study was to analyze the relationship between glycemic control and oral disease in a population of diabetics followed on an outpatient basis at CADA.
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Methods

Population
The diabetics included in this cross-sectional study, were recruited at Centre Anti-Diabétique d'Abidjan (CADA), which is the main structure for the management of diabetics in Côte d'Ivoire. The sample of the 472 diabetics included in the initial study was drawn over a period of two months, by a daily draw of about ten subjects from the list of patients who had an appointment at CADA.
Diabetics consulting for an emergency, without an appointment, were excluded from the draw. Informed consent was obtained from each patient before the oral clinical examination as previously described [19] . In this analysis, only diabetics with at least two blood glucose measurements at least three months apart, allowing the variable of interest (glycemic control), to be constructed, were included.
Data Collection
Data collection was anonymous, using a questionnaire and an oral clinical examination form. The odontological data were collected during an oral clinical examination performed by a dentist trained for this study. Dental status was assessed from the DMF index, periodontal status from the Community Periodontal Index of Treatment Needs (CPITN), Mülhemann's dental mobility index and oral hygiene from the Oral Hygiene Index Simplified (OHIS). In addition to socio-demographic characteristics, the questionnaire collected information on dental office attendance, oral hygiene habits and the presence of xerostomia. Clinical and biological data related to diabetes such as type of treatment (Hygiene-Dietary Regimen (HDR); Oral Anti Diabetics (OAD); insulin injection), duration of diabetes, as well as biological measurements (blood glucose), were extracted from patients' medical records at CADA.
Assessment Criterion for Glycemic Control
The main marker used to assess glycemic control in diabetics is glycated hemoglobin (HbA1c) which dosage provides an estimation of the glycemic control over a period of about three months [20] [21] [22] [23] . Since it has been established that there is a strong correlation between HbA1c levels and the average of several blood glucose levels over 12 weeks [24] [25] , glycemic control has been defined on the basis of the average blood glucose level over the last 3 months. An average value of the blood glucose measurements over the last 3 months ≤ 1.26 g/l corresponds to good blood glucose control and a value > 1.26 g/l corresponds to poor blood glucose control.
Data Analysis
The data were entered on the Epidata software (version 3.1.0.1009) and then analyzed with the SAS statistical software (version 8.2, SAS Institute Inc., Cary, NC, USA). From the calculation of the Body Mass Index (BMI = Weight/Size 2 ) Open Journal of Epidemiology the body size was determined according to the classification of the International Obesity Task Force (IOTF) [26] . The duration of diabetes was calculated by differentiating between the date of the oral clinical examination and the date of diagnosis indicated in the CADA medical file. The age was analysed into 4 classes defined by the quartiles. Based on the OHIS score, oral hygiene was defined as follows: Good (OHIS < 1.2), Medium (1.2 < OHIS < 3.0) and Insufficient (OHIS >3.0). The Mühlemann index defined the presence of dental mobility (Mülhemann > 0) or not (Mülhemann = 0). The quantitative variables were described in terms of mean and standard deviation (Std), and the qualitative variables were described in terms of numbers and percentages for each of the modalities. Frequency comparisons were made with the Chi-square test for independent samples and means compararison with the Student test. Logistic regression models were constructed to identify factors associated with glycemic control. Odds Ratio (OR) and their Confidence Intervals (CI) have been calculated to estimate the risks of reciprocal influence between oral disease and glycemic control. All statistical analyses were performed for a risk α = 5%.
Results
In total, data from 356 diabetics with at least two blood glucose tests to determine glycemic control were analyzed. Table 1 and Table 2 37 .9% overweight and 13.8% obese. Only 26.1% had seen a dentist since the diagnosis of diabetes. The duration of diabetes ranged from 6 months to 26 years, with more than half of the subjects (53.6%) having less than 5 years of seniority and 23.6% having more than 10 years of seniority. Glycemic control was found in 41.3% of diabetics at the time of the survey. No subjects had healthy gums without bleeding on the survey. The presence of tartar was found in 46.9% of subjects, 40.3% had at least one periodontal pocket of 4 to 5 mm and 12.8% had at least one periodontal pocket of 6 mm or more ( Table 1) . The mean DMFT index was 7.9 (standard deviation: 6.6) with a high prevalence of the Filled index component (60.3%) ( Table 2 ). The prevalence of dental caries was estimated at 77.0%, periodontitis at 53.1% and dental mobility at 47.2%. The proportion of subjects with good glycemic control was estimated at 41.3% ( Table 1 ). The characteristics associated with glycemic control were: xerostomia (p = 0.005), type of diabetes treatment (p < 0.00014), duration of diabetes (p = 0.039) and periodontal status assessed with the CPITN index (p = 0.014) ( Table  3 and Table 4 ). 
Discussion
Diabetes is a chronic metabolic disease associated with many systemic and oral manifestations such as dental caries, salivary dysfunction, oral mucosal infections and other oral infections, taste disorders and neurosensory disorders, gingivitis, periodontitis, etc. [27] . While in the scientific literature, the relationship between diabetes and periodontitis is established and described as a mutual influence, which with dental caries is still controversial. In this study, we analyzed the relationship between the glycemic control of diabetes and the 2 main oral diseases such as periodontitis and dental caries. The method of sample selection, by daily draw over a period of two months at the main diabetes monitoring center in Côte d'Ivoire, as well as the collection of data by a standardized questionnaire administered by a single practitioner [19] , made it possible to minimize potentiel selection and information bias. [36] . Just as diabetes increases patients' susceptibility to periodontal disease, periodontal disease, with the inflammation it maintains in the oral cavity, increases insulin resistance through proinflammatory cytokines [37] . The relationship between diabetes and periodontitis is an indisputable two-way relationship in which the two conditions support each other [38] [39] [40] unlike the relationship between tooth decay and diabetes. In our study, despite the high prevalence of caries (77%) and the estimated DMFT index of 7.9 teeth, the link between diabetes glycemic control and dental caries has not been established. Indeed, neither of these two indicators of dental caries was associated with diabetic balance. The prevalence of caries observed was similar between balanced and unbalanced diabetics and there was no significant association between caries indices and the level of diabetes equilibrium. The DMF index was 7.9 in patients with controlled diabetes and 7.8 in patients with uncontrolled diabetes. These results are in agreement with Collin et al. [41] and Edblad et al. [42] who didn't find a relationship between tooth decay and diabetes balance, but in total contradiction with Twetman's study, which showed that diabetics with poor glycemic control developed three times more carious lesions than those with better glycemic control [43] . This statement is supported by Satoru et al. who found a significant association between the number of decayed teeth and high levels of glycosylated hemoglobin (HbA1c) [44] , which is the main marker of glycemic control in diabetes. Although the data on the relationship between dental caries and diabetes are still contradictory, it is clear that oral environmental disturbances induced by high blood sugar levels, such as a disruption of the oral flora in favour of cariogenic bacteria, a decrease in pH and salivary flow, changes in the composition of saliva, which thus loses its protective powers (anti-infectious and against caries) within the oral cavity, as well as high concentrations of glucose in saliva and gingival fluid in these patients are likely to increase the risk of dental caries [45] [46] . It is the oral environment favourable to oral diseases that justifies the recommendation for follow-up visits to the dentist every 6 months [47] to prevent the development of new dental lesions and periodontal diseases. In our study, only one in four diabetics (26.1%) has seen a dentist since the diagnosis of diabetes. It should be noted that in Côte d'Ivoire, and particularly at CADA, the follow-up of diabetic patients does not include systematic oral check-ups, as is the case for most other organs targeting diabetes complications such as the eyes, heart, kidneys, etc.
Conclusion
The results of this study confirmed the association between periodontitis and glycemic control of diabetes but did not show a significant association between dental caries and diabetes. However, given the evidence of cariogenic salivary conditions described in diabetics, health professionals in Côte d'Ivoire should Open Journal of Epidemiology systematically inform diabetic patients about the link between oral health and diabetes on the one hand, and on the other hand, sensitize them to make at least one visit every 6 months to the dentist.
